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Ionic Liquids (IL)

Ionic liquids are salts with melting point of 100ºC and below. 
Consist solely of cations and anions, with no solvent molecules.

APPLICATIONS
- Electrodeposition of metals, 
- Electrolytes for electrochemical capacitors, 

fuel cells, solar cells, Li ion batteries,…
- Fluids for thermal storage and exchange in solar 

power plants,
- Solvents and catalysts in organic and inorganic 

synthesis.

PROPERTIES
- High conductivity,
- Extremely low vapour pressures,
- Low viscosity,
- High temperature stability,
- Low toxicity,
- Non flammability,
- Wide electrochemical window,
- Liquid in a broad range of temperatures. 



DEEP EUTECTIC SOLVENTS (DES)

DES are eutectic mixtures which form homogeneous liquids through hydrogen bonding.

Tomé et al., Applied Materials Today 10 (2018) 30–50 

The main applications of DESs include:

- Energy storage,
- Electrodeposition, 
- Electropolishing,
- Homogeneous catalysis,
- Analytical chemistry, 
- Biocatalytic processes,
- CO2 capture.

HBD

Hydrogen bond donor

HBA

Hydrogen bond acceptor



Green Chemistry 16 (2014) 4156

Corrosion in DES
Prog. Nat. Sci.: Mater. Int. 25 (2015) 595

5 mV s-1

10 mV s-1

Electrochem. Commun. 90 (2018) 101

Longer immersion times?



DEEP EUTECTIC SOLVENTS (DES)

Viscosity 

(mm2 s-1)
d (25 ºC)

(g cm-3)

Tf

( ºC)

Surface 

tension 

(mN m-1)40 ºC 100 ºC

Reline 218 24 1.20 12 86.4

Ethaline 20 5 1.12 -61 49.2

Glyceline 118 23 1.19 -35 55.4

Oxaline 149 28 1.20 -18 75.3

Physical properties

Taken from Abbott et al., Green Chem 16 (2014) 4156.



Corrosion of Mg and AZ31 in Ethaline
(Some experimental details)

Ethaline

Prepared by mixing at 60 ºC choline 

chloride and ethylene glycol at a 

molar ration of ChCl 1:2 EG.

Methods and Techniques

Immersion and optical inspection

SVET

EIS

E-I curves

CV with 10 μm Pt electrode close to surface 

Samples embedded in epoxy matrix

Mg from Mateck (Germany)

AZ31 from Alubin (Israel)

1 cm

WE: ~1cm2

RE: SCE, usually with salt bridge with ethaline

CE: Pt wire



2-25 minutes of immersion
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30-50 minutes of immersion
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1 hour of immersion

Magnesium AZ31
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1 day of immersion

Magnesium AZ31

Ethaline 0.07M NaCl Deionised water Ethaline 0.07M NaCl Deionised water
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20 days of immersion

Magnesium AZ31

Ethaline 

open to air

1 mm 1 mm

1 mm 1 mm

Ethaline 

in closed 

container



Water pick-up
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2-25 minutes of immersion

Magnesium AZ31

Ethaline 5% water 50% water Ethaline 5% water 50% water
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1 hour of immersion

Magnesium AZ31

Ethaline 5% water 50% water Ethaline 5% water 50% water
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1 day of immersion

Magnesium AZ31

Ethaline 5% water 50% water Ethaline 5% water 50% water
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Electrochemical Impedance Spectroscopy
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CV Ethaline in Pt
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Reactions? 

3. Chloride adsorption?
Pt-O ?

4. Water present?
Water oxidation.
No water?
Decomposition of DES. 
Cl- → Cl3
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5. Reduction Pt-O?
Reduction of products of 4?

6. O2 reduction?



CV Ethaline in Pt
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AZ31 6 days immersed in ethaline one to air

1 (Pit)
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AZ31 6 days immersed in ethaline one to air

1 (Pit)

Light area
2

Replacing the solution by freshly prepared ethaline
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AZ31 6 days immersed in ethaline one to air

1 (Pit)

Light area
2

Replacing the solution by freshly prepared ethaline

…and then, adding H2O to 30% volume of the final solution…
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CONCLUSIONS

- Very low corrosion of Mg and AZ31 in “pure” ethaline

- High tendency of ethaline to absorb water

- Corrosion of Mg and AZ31 takes place when ethaline    
contains water (> 5 mass %).



Surface and corrosion 

products analysis

SEM/EDS
XRD
XPS

FTIR/Raman

Karl-Fischer titration

(amount of water 
inside ethaline)

Electrochemistry of ethaline

(with and without water)

WHAT’S MISSING?
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Fe Zn Al AA2024 Cu Brass
(Cu60Zn40)

SS304

Before

test

Scale length = 1 mm 

20 days

in

ethaline

(closed)

20 days
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ethaline

(open to 

air)

Other metals and alloys


